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Monitoring equipment for radio and 
television broadcasting stations must 
meet or exceetl FC'C’ reciuiremonts, Imt 
reliability and eas^’ maintenance are 
equally important. Beyond this, the 


well-designed ami properly listed moni¬ 
tor can function as a general test instru¬ 
ment for transmitter operations and 
maintenance, and these' test facilities 
should be easily available and conven¬ 
ient to use. Finally, olwolescence must 
l)e considererl and the monitor should 
Ik? de.signe<l no! merely to nu»el toelay’s 
minimum requirements of accuracy and 
dej>endability, but to anticipate those 
of tomorrow. 
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The Cieiienil Rnclio Company has 
lx.*en eonceriiiMl with iiistrurncntation 
for the hroadt'iisting sUition for thirty 
years, which pniviihis a fviiid of field 
ex|)erieiu*e unmatch<Hl in the industry, 
(leneral Hn<iio inonitors are used by 
twice as many .\.M broadcasting and 
TV stations as all other makes com¬ 
bined. 

The de.sign of the new ( leneral Radio 
Tvi»k 11S4-A 'I’elevision 'rransmitter 
Monitor is baseil upon the field (experi¬ 
ence witli its predecessors and im^urpo- 
rates many features specilically re- 
(]uested by transmitter engineers. 

Thiit tirw imlrium ni is more than n 
moniinr. It provddc's for many opiTa- 
tional b‘sts that will .speed and improve 
adju.stment, maintenance, and trouble¬ 
shooting in both aural and visual trans¬ 
mitter circuits. C'onlinuous audible 
monitoring agaiiust loss of eit her carrier, 
and (‘ontinuous meter monitoring of 
FM nois<? on the vi.sual carrier, are 
typi(*al of the additional functions pro¬ 
vided in this new instrument. 

lipnmdr.^ tuajitnum prnlf'clion against 
ohsolvscvna\ 

'rhe Tyi'K 11S4-.V Monitor is designed 
tuyoud in(»re li*gal minimum re(|uire- 
ments for today'.s us<». 'riius protected 


against early obsolescence, this new 
in.strument promi.ses long-term value ’ 
that far outweighs initial cost consid¬ 
erations. 

ft ts easy to keep in operation. The 
Type 1184-A Monit(»r expres.ses a 
wliolly new concept in mechanical de¬ 
sign that gives convenien(*e never before 
attained in an instrument of this type. 
Every opcTation in the installation, u.sc, 
and maintenance of this new monitor 
can be handled from the front. 

OUTSTANDING FEATURES 

Intercarrier Monitoring 

The new color T\' .standards * specify 
tolerances* for both the vi.sual trans¬ 
mitter and intercarrier frequencies, 
thu.s reriuiring monitoring facilities for 
both. In addition, a complete intercar¬ 
rier .sound-detection .sy.stem has been 
included within the monitor. This \yer- 
rnits monitoring that .simulates ai'tiial 
receiver operation and makes possible 
the correlatiJin of transmitter perform¬ 
ance with receiver listening tests. 

Residual F-M Noise on Visual Carrier 

No (tonvenient method htis hith(»rto 
exi.sted for direct measurement of the 


Figure 2. Front ponol romovtt ootily, and ontire 
chofsis pulls torword on slidot for occoss to od- 
justmonts. tost points, and tubes, with monitor 
oporoting. 


Figure 3. For access to roar or bottom, chassis tilts 
into this position and is hold by latchos. Monitor 
is still oporoting. 



residual f-m noise on the vi.sual I 
milter carrier. In monochrome c 
tion, noi.se of this type cau.scsl tr 
in some types of receivers. W’ith tl 
troduction of color, this conditi 
more serious becau.se of the di; 
possibility of over-m<Klulation oi 
tain saturated colors unle.ss video 
ulators are prevented from doing 
ade<iuate limiters properly adji 
Since a noi.se burst will appear in 
carrier-sound-d(^tection iTceiver.s ^ 
ever either carrier fre(iuen(*y m( 
tarily goes t(» zero, as when the 
transmitt-er is modulateil to full 
in the negative (white) directic 
becomes important to be able to 
tor this characteristic, (’ircuits fc 
purpose are provided in the iiioiii 

Construction 

In any instrument as complex 
monitor, facility and ejise of servi 
of paramount importance. 

All major circuits in the monitc 
be checked for proper o|K*rati< 
means of a panel selector switch. I 
level adjustments are located di 
behind a (piickly removable panel 
The panel itself has only those co 
which are nece.ssary to operat 
monitor. 

Hy pulling forward on a handl 
can slide the entire monitor out 
relay rack, where it will lock upu 
metal slides in an extended opr 
pejsition. All tube.s, internal ( 
adju.stments, cables, and plug 
within easy reach, 'fhe entire fron 
of the monitor can l>e .serviced 
this po.^itioii. 'fhe rear of the moii 
readily acce.ssible as shown in Fip 

All adju.stments and test poin 
clearly marked in ivcognizable 
and the color code indicates the it 
importance of the particular a 
ment. Thus, a red-circled control i 
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residual f-iu noise on the visual trans¬ 
mit tor carrior. In monochrome opera¬ 
tion, noise of this type caused trouble 
in some types of receivers. With the in- 
troducti(»n of c<»lor, this condition is 
more s<»rious because of the distinct 
possibility of over-modulation on cer¬ 
tain saturated (*olors unless video motl- 
ulators are prevented from doinn so by 
adecpiate limiters properly adjust<*<L 
Siin*e a noise* burst will appear in inter- 
carrier-soundHletection receivers when¬ 
ever either carrier freciuency momen¬ 
tarily j;<K*s to zero, as when the visual 
transmitter is modulated to full HMK/jj 
in the negative (white) direction, it 
becomes important, to be able to moni¬ 
tor this characteristic. C'ircuits for this 
purpose are provided in the monitor. 

Construction 

In an^' instrument as complex a.s a 
monitor, facility and ea.se of s<*rvice are 
of paramount impr>rtaiice. 

All major circuits in the monitor can 
be checked for proper operation by 
means of a panel selector switch. Input- 
level adjustments are located directly 
behind a fpiickly removable panel plate. 
The panel itself has only those contr(»ls 
which are neces.sary to oj)erate the 
monitor. 

Ity pulling forward oil a handle, one 
<-an slid(* the entire monitor out of the 
relay rack, where it will lock upon t wo 
metal slides in an extended operating 
position. .Ml tubes, ifiternal circuit 
adjustments, cables, and plugs are 
withiti easy reach. The entire front shelf 
of the monitor can be serviced fnun 
this po.sition. 'I'lie rear of the monitor is 
readily ac<‘essible as shown in Figure 

.Mi adjustments aiul test points are 
clearly markisl in recognizabh* colors 
and the color cmie indicates the relative 
im|)ortance of the particular adjust- 
riHMit. 'riius, a red-circled control is vital 



Figure 4. For convenience in maintenance signal 
poths ore indicated by flow lines, adjustments are 
color coded, and lest points ore clearly marked. 

to the operation aial should not hi* 
touched without full knowledge of its 
function. .\n amber-circled adjustment 
is intendetl as a caution sign ami implies 
that .some auxiliary mea.suremenbs may 
be rcfjuired in obtaining proper re.sult^. 
.V green-circle* 1 control is one whi«*h 
may be adjusted nanlily ami tloes not 
retjuire any external eciuipment in es¬ 
tablishing its correct setting. 

.Vnother assi.st is given the o|>erator 
by having *Miow lines” or “circuit trac¬ 
ings” outlined upon the top of each 
shelf. It is thus possilile to pntceed from 
a functional block diagram dire<*tly to 
the instrument itself and t<» follow the 
circuit progression tjuite readily. Highly 
detailetl .s<-hematic wiring tliagrams iitHHl 
only l)e referred tt> for isolated trouble- 
sh(M)ting in l<K*alized spots. 

The monitor olTers minimum re.si.st- 
ance to v(*rtical air flow. 'I'his not only 
prev<*nts i»v(*rhcaling of tin* monitor 
itself but also does not obstrm’l the air 
How ami thus overln*a( units pla*****! 
ab*)ve or below the monitor. Hence the 
monitor’s location in the ra**k is en¬ 
tirely optional, ami a height can Ik* 
chosen that gives tin* best visibility. 

Precision Temperature-Controlled Oven 

A new, preci.sion, temperalur(*-con- 
troll(*d, crystal oven has been designed. 
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This new unit uses a vacuum flask as 
(he insulating enclosure. Its low thermal 
losses permit op(?ration with an average 
power of two watts of heat input at 
normal room temperature. This makes 
possible a ver>' simple control circuit 
without rela>T5 or the contact-resi.stance 
problmns usually assiM*iated with sensi¬ 
tive thermostats. 

BASIC PRINCIPLES 

The monitor o|>erates on the same 
basic principles as its (ieneral Rmlio 
pre<lece.H.sors." * * It employs a single 
master-reference fnM|uency, a liarrnonic 
of which is helerfKiyneil with both 
vi.sual- and aural-carrier freciuencies to 
generat-e two beat fre(|uencies, 4.85 Me 
and 150 kc, respectively, which are uschI 
in tlirect monitoring of each carrier 
s<‘parately. This is illustratwl in Figure 
5. .\ third beat frecjuency of 4.5 Me 
is also produced by mixing aural- and 
visual-carrier fre(|uencies and is used 
in intercarrier monitoring. 

Block Diagram 

In the center portion of Figure 6 is 
shown the block diagram of the direct- 


monitoring systems. Two additional ^ 
circuit groups permit the measurement 
of residual f-m noise on the visual car¬ 
rier, shown to the loft, and provide for 
intercarrier monitoring, shown to the 
right. 

For direct auraU’arrier frequency 
monitoring, the 150-kc signal (which 
contains the frcK|uency-modulation com¬ 
ponents present on the aural carrier) 
operates an 1-F limiter-amplifier, wliich 
drives a pulse-counter di.scriminator. 

The d-c component of the output of 
this discriminator is proportional to the 
average? center frequency of the aurai- 
tran.smitter carrier frequency. 

The 4.85-Me signal is used for di¬ 
rect visual-carrier fretiuency monitor¬ 
ing. Since this signal is not fre(|uency 
modulated, a narrow-band fre(|uen<*y 
meter can l)e advantageou.sly used, both 
for maximum .sensitivity and to remove 
unwanted viileo modulation compo- 
lU'nts. A second heterodyne process con¬ 
verts the 4.85-Mc .signal to 1750 cycles. 

A limiter-amplifier operating at this 
fre(|iiency RmhIs a pulse-<*ouliter dis¬ 
criminator wliose d-c output is a meas¬ 
ure of the freciuency of the visual- 
t ransmitter carrier fre(|uency. This dual 
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FIgurs 5. Frequency 
diagram shawing 
principles of opero- 
lion. 
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FM NOISE 
MEASURING 
CIRCUIT 


(AM) 4 5 (FM) 

VISUAL Me AUBAU 

0 0 


ELEMENTARY MONITOR CIRCUIT 


Figure 6. Funcfionol 
block diagram of the 
monitor. 


FOR DETERMINING 
RESIDUAL FM NOISE 
ON VISUAL CARRIER VISUAL 


/IIKC \ 
^OLERANCE^ 
- A.SMe 



INTERCARRIER 
MONITORING CIRCUIT 


FREOUENCt 
AURAL TRANS. OR 

intercarrier 


TO 0 a N METER 


ISOO-O-ISOOo 


MODULATION (FM| 
0 - 100 % 


conversion step is illustrated at the left 
of Figure 6. 

The 4.35-Mc IF signal is also used 
to operate a second limiter-amplifier, 
where the residual amplitude-motlu- 
lated video components are removed 
from the signal. It then pa.sses to a 
tuned-cireuit diseriminator, the output 
of which operates an external l^istortion 
and Noise Meter. 

The 4..5-Mc intercarrier signal oper¬ 
ates a separate I-F limiter-amplifier and 
is then heterodyned down to 150 kc by 
means of a secondary reference crystal 
operating at 4.35 Me. The resultant 
150-ke beat is then available at a panel 
switch for selectively operating the 
aural-nnmitoring eirenits from this .sig¬ 
nal or. alternatively, from the other 
1.10-kc .signal derived directly from the 
aural transmitter signal. 

DESIGN FEATURES 
Discriminators 

For determining the center frequency 
of t he aural carrier, a meter-discrimina¬ 


tor of liigh .stability is reipiired. For 
fre<|uency-m<Klulation detection a highly 
linear diseriminator is neede<l. ilerelo- 
fore, both of these functions were (‘om- 
1/med in a .single circuit. In the new 
monitor, two separate di.scriminators 
arc us(hI, each one optimized for its 
particular function. 

The meter-discriminator is shown in 
Figure 7. LItC (on the right) comprise 
a low-(J .series circuit operating above 
the series resonant freiiueney. The d-c 
voltage El developed across C’-4 is in- 
versi4y proportional to frequency in the 
region near 150 ke. The left .section, 
consisting of C-1, the two rectifiers, and 
C-2, is the conventional i)ulse-counter 
circuit, and hence the voltage Ej is 
directly proportional to freciuency. This 
gives twice the s<^nsitivity of either cir¬ 
cuit acting alone, and, beeaiise the d-c 
meter responds to the flitTerential, small 
changes in amplitude of the 150-kc 
driving signal are canceled out at the 
zero-current position. Since this corre¬ 
sponds to center scale (iM>-3 kc), maxi- 
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niiiiii lUTurary is obtuiiHMl at the point 
r)l iiiaxiinnin ii.*<e. 

'I'he pn>l)lf‘ms involved in this meter¬ 
ing* eiriMiit ean he shown by noting that 
the intMer actually <»peraie.s over a 
ran>!;e ol' lot) ^ ^ k*i'; hence, the inel(*r 
scale is only ^ 2^, of t he oprrntind fre- 
HiuMicy. If it must remain stable to, 
say. one division (i.e., 100 cycles), the 
o\cr-all circuit stability must be l(K) 
l.*)0,(NM) or ^ O.OtiT^ fo a<’hieve this 
stability retiuin^s minute attention l<» 
such details as component drift and 
temperature oM'lficients. Kortunult‘ly, 
the diflintnil ial characteristics of the cir¬ 
cuit aid in this resp<‘ct. In this circuit, 
stability is of paramount importance 
and (tvery prai ti<‘al means has been 
ns4Hi to make it outstandingly ^ood. 

All additional advantage of this me¬ 
tering; circuit is that no fragile ballast 
tubes are n*(iuinMl to rt?^nlate the heat¬ 
ers of d-c amplifier tub<*s. 'I'lie rectifiers 
iis<‘«l are crystal diodes, which have 
bt'iMi stabiliziMl against thermal and 
aKinj; efTi*cts by ajipropriate circaiit 
design. 

Audio Discriminator 

For frecuHMicy-nnMiulation detection, 
the dis<Timinator must Ik* extremely 
linear and frca* of residual noise. Stabil¬ 
ity is rtMjuired only to miH*t the ikkkIs 
of a miMiulation meter. This di.scrimina- 
ior is baseil upon the well-known pulst*- 
counter types.® as shown in Figure S 
The inherent linearity of these typ(?s is 
well known, but 1-F filtering problems 


Figure 7. EUm«ntory circuit of balartced discrimi- 
notor u»«d tor c«ntor*trequoncy motor. 



roL*/rcM>ccNi*«i«'’ qr n-o-3» 


are severe, and .sensitivity i.s usually ^ 
low. Hoth of lhe.se problems are min- 
imizr^l by a balancwl pulsi*-couiiter dis¬ 
criminator, which u.s(\s transformcT out- 
put coupling and pntvides good sini.si- 
tivity and simph* filtering. 

Kach diode proiluces, on each half 
cycle, a current puls** through a resist- 
an*‘e. If, as shown in th** h»w**r portion 
«)f Figure S. This action is analogous to 
that of two pulse* (MKinters in .series. The 
pul.si's *M*cur at a uniform rate of 150 kc 
in the ab.s<‘nce of fre<|uen**y nuHlulation 
*>f the 150-ke driving waveform. .\ il-e 
(*om|>onent is devel*»p**d acro.ss tin? re¬ 
sistance If, but no us** is mail** of this, 
an*l, oltviously, the transformer catmot 
pass lie. The 15()-k*' fumlainental com¬ 
ponent is balanc***! in th** transformer, 
leaving only relativ*‘ly small-amplitude 
even harmonies. 'I'hese are high enough 
in freipiency to b** well above the trans¬ 
former pas.s band and are therefore ^ 
highly attenuate*!. 

When the 15()-ke input signal is fre- 
ipieni’y moilulateil. the **urr*,*nt pul.s€‘s 
through the resistame If are time 
moilulated. i.e., th**y oc**nr at a non- 
uniform rate. Th** deviation Ls pr*jp*n- 
tional to the fre*|uen**y mrslulation 
pre.sent. The a-c c'omponents in the 
aiiilio range, repre.s*»nte*l by the time- 
rate-of-<‘hange of tlie.s** **urrent puKses 
*)**eurring in the transformer primary, 
are a mea.sure of the iniKlulation pre.s¬ 
ent. 11ie.se are pa.s.s<Ml through th*? tran.s- 
form<*r ami **onstitute th** *lern*Klulate<l 
audio signals. ()nly a small amount of 


Figur* 8. Discriminator used for f-m dotection. At 
top, simple prototype; below, balanced circuit 
used in monitor. 
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(ilt(iriii >5 is necessary in the audio cir¬ 
cuits that follow. 

Precision Temperature-Controlled 
Crystal Oven 

'riic heart of a frcM|uency monitor is 
the f|uart/ crystal einployiNl to e.stal>- 
lish a rcfcn'iice fre(|uency. The new tinit 
ilevelo|HMl specifically for this tnonitor 
is an example of simplicity in control.** 

The circuit is shown in Fij^ure it. The 
main heater «*iirrent is controlkMl by a 
small thyratron, whi(^h is turned on or 
<»ff hy a mercury-column tlu‘rmostat. 
A cut-<»ff, a-c, hijis voltage is applied 
to the thyratron conlr(»l-Krid throujrh 
the thermostat contacts, whi<*h close 
at C\ 'I'o prevent overshoot of the 
oven temjHMJiture, a small heater, or 
anticipator windinii;. is placed aroninl 
the thermostat hull)." 

'riiis control circuit is ivmarkahly 
friv from troubles due t«) contact nv 
‘sistaiicesas.sociattxl with the thermostat. 

Fi^;ure 10 is a cniss-Kection drawing 
of the crystal-oven detail. An outer 
aluminum cylinder surrounds the j^lass 
vacuum fhisk whi<*h h:is a balsa-wood 
plus at the open end. The h<*aler is 
Nvound on a metal disc attache<l to this 
plug and all leiuls are brought out 



Figure 9. Schemotic of control circuit for crystal 
oven. 


through it. 'riie heat loss by conduction 
along the wires i.s thus minimized, and 
a rnei*hanical mount is made availabh* 
for all internal parts lm*luded within 
the glass flask are the thermostat, 
(piartz cry.stal mount, ami tw'o air- 
trimrner capacitors which are externally 
adjustable by means of insulated con¬ 
trol hkIs. 

The control characteristics of this 
oven are shown in Figure 11. In tlie.se 
tests, the ambient temperature was 
ra|>idly chaiigcnl over a wide rangf\ by 
nuwis of ra|)id forced-air iMrculation. It 
represents an extreme condition not 
likely ti> be eiUMiuntered in normal en¬ 
vironments. For normal, slow'ly varying 
temperatun\s, the oven will maintain 
constant internal temptnature at all 
times w'ithin a few humlredths of one 
degree C. 


Figur* 10. Ooss-t«c- 
tion of procision tom- 
paroluro'controllod 
ovon. 
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A new AT-eiit plated crystal is used, 
to provide the exceptional freijiiency 
stability necessary to meet the strin¬ 
gent reciiiireinents of u-h-f monitoring. 

Power Supply 

Particular consideration was given to 
the design of the power-supply section 
of this monitor. It is recognized that 
spare tul»e stocks are maintained, and 
replacements are always on hand. Me¬ 
tallic rectifiers may have longer life, 
but, when operated continuously, their 
ultimate re])lacement must be expected. 
Spare parts such as these are usually 
not imnunliately available ami therefore 
become inconvenient to replace in this 
class of service. 

As shown in Figure 12, two thyra- 
trons are operated in a full-wave recti¬ 


fier circuit. Control of the d-c output 
voltage is obtained by variation of the 
conduction time of each thyratron, 
through a d-c voltage applied to the 
thyratron grids. To improve the thyra¬ 
tron grid-control characteristics, a fixed 
a-c bias voltage is applied through two 
pha.se-shift networks. A conventional 
regulator circuit, as is commonly used 
with the series tube type of regidator, is 
used to develop the necessary d-c con¬ 
trol voltage. A 50.51 voltage-reference 
tube and a triode d-c amplifier are in¬ 
cluded. 

In order that the ripple fref|uencies 
be isolated from the d-c regulator cir¬ 
cuit, the ripple filter is pla(*ed between 
the transformer center tap and ground, 
nipple frefjucncy components are pres¬ 
ent only on the transformer sei^ondary 
and are isolated by ade(|uate trans¬ 
former shielding. 

General 

Ev'ery effort has been made to reduce 
the effects of tube replacements, and to 
obtain normal operation throughout the 
entire life of the tubes. Special selection 
of tubes is unneces.sary. 

This monitor was designed with the 
assistance of Messrs. II. P. Hall and 
F. D. Lewis. Special credit is due Mr. 
W. F. Hyers for his many valuahle de¬ 
sign contributions and to Mr. S. Samour 
for his untiring efforts in the making 
of experimental model and tests. Mr. 
H. G. Stirling was reponsible for the 
design-drafting detail. 

— C. A. C.\Dy 
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Figure 11. Control characteristics of the crystal 
oven. 


Figure 12. Elementary schematic of regu¬ 
lated thyratron power supply. 
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SPECIFICATIONS 


Frequency Rong»i 541-SlM) Mc (tv t'lnilinels 2 to 
8:ii. 

RF input: 

1. lm|K*danre: l.,ow-iiiip<*daiwe ItNip eoiiplini;. 

2. Level: Int4‘nded for nse with standard 
RKT'.M.X transmitter munitorinii outputs (It) 
v«»lts, fiOli). 

d. Max S<*ns!tivity: (Mie volt, for all ftiindions 
exeeot the measurement of residual .\.M noist* 
on (lie aund transmitter, whieh napiires a mini¬ 
mum trf I volts r-f input. 

•1. Atljustmerits: Input levels for Isith aural 
and visual tninsmitter an* ailjiistahli' from the 
fn»nt of the instrumrait. 

5. Indication: Itoth aunil and visual trans¬ 
mil t4*r input levels 4’an U* elas'kril hy dire4‘f 
indication on a frmit (mnel inetiT. 

Fr«qu«ncyi ('ryntnl SUihilitff — mastiT n’fereiicr*, 
^ 1 .-1 p|)m d() days or ^0.35 ppm, 10 days; sim*- 
oridary releriaiee, ^5 ppm 30 days («21..'i 
ey«*lc»s) interpolating referiaice o.seillat<ir, **=5 
ppm .todays (*22.5 cycles). 


Accurocy t 



Aural Vixuat 

Inter- 

Carrier 

Meter 

Si'ide 

:U)-:t ke 1..5-4).Lake 

3d)-:{ kc 

Metering 

.\eeiiracy 

»s=2tM)i' 1 

1 -t24)Ur 

Overall 

VHF 5(K)c :40 days 

2.50c for 

Aeciiiacy | 

rilF 5<M)<' 10 days 

.*40 days 


Imoge Fr«qu«ncy Check: A <*h4*ckin|!: di'viei* is in- 
eor(H>int4‘d l4i insure that tin* lransmilt4T fre- 
(|ueMcy is on the corroet side of zero iK'al. 

Aurol Modulotien (FM): Mft&r tSVvr/c, 0 t4> lOt)' /, 
-p 3 4ll>, full Seale; Mrtri RnlUstit'i*, :is naiuiriMj 
hy F('(* siM*ei(leati4>ns; Mrln ('nlihiation. lOt)^ , 
— 25 k4* ileviatioii; S4*leet4»r switeh f4»r 100*, » 
5t) ke to |HTmit wide-ih^vhitioii !y|s* ti'sis; 
I^oIntUif iNimd swill'll hir {Misitive or 

iie|rativ4‘ iH'uks, f(»r IjKith met4>r anil tIashiiiK 
lamjji; I*rn/: Imliratnr, fiashitig lamp indicati*s 
fM'aks in e.xci'ss of dial si'ttiiiK; Ih'nl, ctdihrali'ij 
Iroin 0 to 100% ami to -p3 lih alsive l(K)' <.; 
Meier Frrffneiicff =^0.25 dh from 50 to 


15,000 I'yi'k'S, ^0.5 ilh from ^tt) to 20,(MM) ryeles; 
/VuA* Indirntar Fre*inrnn/ l{e»iHtnne^ 0.5 dh 
from HM) Ui l5,tNN) I'.vi li^.’ 

Fidelity Meosuremente: 

Aurol F-M Trontmitter: AmtioOuIfnitn (at low frr*- 
• lui'm-ies with 100'„ m<Hhilaiioii), lO.S volla 
into UK) kli or 0 dhm at (iOO U. Rexiduat tHMor- 
lum (50 to 15,000 eyeli-s), 0.15^’^ for 25 ke 
nKHliilatioii deviation, anil 0.25'^^ for 50 kc 
fli'viation; Rexuiual FM \oixr, —70 <lh Is'low 
25 ke miHliibitiiHi ilevmlioii; Audio RrxfMtnxtf 
folhiws 75-Mse<- diM'iiiphusis eiirve within =»0.5 
dh from 50 tir 15.0(N) eyeli'S, ^3 lih from 15 to 
.‘to ke: .l-.U Xoixr Keferenrr l^et^l (at low fre- 
r|ueneii«), T volts iiitii 100 kO; Rexuiutil Xoixe^ 
.i.t/, —70 ill) Ik'Iow I'urrier levid. 

VIkuoI A-M Transmitter: \ oiAC (F.\f) Measuring 
Output (ut low friNpiiaieii's and 25 kc ilcviation), 
1.5 volts inUi MM) klf load, 75 -/ 4 Hi»(' di'-emphusis 
circuit irieludeil: Hrxidunt {FM) Nmxr, — 1'»5 ilh 
Im'Iow 2.5 kc di'viatioii with normal video iiioilu- 
latioii on tnuismitti'r ( — 70 dh without vidi'o 
iiXNlulaiiori). 

Inlercorrier Measurements: Sami* as for aural 
transmitter, «‘xeept Rrxulual (FM) .VoiVir is — 6.‘t 
dh lielow 25 ke deviation of aural transmitter 
with video miNlulatioii npplieil to visual tratis- 
mittiTS. 

External Connections: 

1. Freiiueiiey Meli'rs: 

Visual TmuxtuUtn-f GR Tyi’E M 101)8-41-3, 
0-2(M) aa de, 510 I/, one sitle grounded. 

Aural Trauxmiltrr, GR Tyi'K MKI>8-72, 
O-MK) aa de, 510 12, one side Kt’uunded. 

2. (FM) Modulation Meter: GR Tvi’E 
MKI)S-28, (MMM) ai^ de, I’kSO 12, neither side 
Kroiind{*il. 

3. Motlulnlum-J*eak huliraior: .3 watt-115 v 
lamp, iHie siile Kroundi*<l. 

-4. Audio Monitoring Output: rnlmlaiieetl — 
t'llN) 12, MNj'^ iiXMlulatioii * 0 dhm. 

5. Audio Measurement Output: Iiitemled for 
usi* with the Tyi'K 1032-A l>istortion and Noise 
Meter (100 kl2 utihalanei*<l input); 10.8 volt* 
output at low frei|ueiiei<'s; lK*hiiid-th4*-panel 
l4*sl jaek for conniM'tiiiK on a lem|H>rary basis; 
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r«ir jnrk provitlinl for |jermant*nt wiring to 
mrk-monntcHl Distortkai anti Noi^se Mficr. 

r». l*ou'er Cahteg: Htandby line*, for rnai»Uir 
crystal oven; power line, for monitor eireuita. 

Pow«r Supply: 

1. Stuiulby < IjH^nition: 

15 watts, with master crystal oven operaU 
ing. 

1 l5/2!k) volts; 5(M>0 cycles. 

2. Normal OiHTution: 

Max ilemmul 2l>5 watts, \rith all thermostats 
on. 

Min (leinamJ 240 watts, with all thermostats 
off. 

T ype _ 

1184>A I TaUvUion Tronsmiflar Monitor 

r. S. I'Mlrnt* N«j«. 2..MS.4n7 ond 2.302.503. I.icenw-d 
umli'r uf Ok* .AiiiRriran Trlf*|*liune aitd Trieirnipl* 

C^impnity. ilie Radio Corponitinn of Antprira; 


115/2:10 volts; 50-1)0 cycles. 

(155 Witts during ItO second initial warm 
np). 

Mounting: ItMncIi rack-panel mounting. Front 
panel removable kir access to contnils. .\ll con¬ 
trols available from front. Instrument mounted 
on slides for access to all iiarts. Designeel for 
verli<\Hl-air-flow cabinet racKS. 

Panel Finish: OU black crackle; also available in 
cerUiin other colors Ui match station eeiuipment. 

Dimensions: fWidth) 10 X (height) 21 X (depth) 
10 inches, over-all. 

Net Weight: 75 1I)S. 

Cofie Worfi Price 

. I OIA.VT i $2650.00 

and patents and patent applieatinos of ft. W. Pierce per¬ 
taining to pieso-elertric rrystalaand their associated cir- 
ruiUi. 


THE NEW TYPE 1800-B VACUUM-TUBE VOLT¬ 
METER-STABLE AND ACCURATE 


The Typk ISOO-B is a preei.sit)n Vtie- 
iiunt Tiilte V()ltnict4?r designed for a 
wide range of applications. It combines 
the accuracy of a laboratory instrument 
with tlie durability neces.sary for every- 
tJay laboratory and production-line use. 

Its accuracy is better than =*=2% on 
all a-c and d-c voltagt* rang(\s, and its 



completely shieldcni ditale prol>e is de¬ 
signed for use into the u-h-f range. The 
design and constniction of this instru¬ 
ment insures that the high accuracy of 
the new voltmeter will be sustained 
throughout years of service. This im¬ 
portant stability has been achieved 
through three means: advanced circuit 
de.^ign, thorough power supply regula¬ 
tion, and the usi* of long-term-.stable 
precision components. 

Each increiusingly higher voltage 
range is obtaimnl by an increase in de¬ 
generation that decreiuses the sensitivity 
of the d-c amplifier, rather than by use 
of the conventional voltage divider U) 
feed a constant-gain amplili(‘r. .\s a re¬ 
sult, the circuit is substantially inde¬ 
pendent of drift in tulie transc*ondu<*t- 
ance on all but the 1.5- and 0.5-volt 
ranges, and even there a simple adjust- 


Figure 1. View of the Type 1800-B Vacuum-Tube 
Voltmeter. It is similar in appearance to its pred¬ 
ecessor, the Type 1800-A, but includes a panel 
switch for d-c polarity selection. 
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^ romponsat(*8 for Uiho drift. On 

a-<* ranges maximum stability is in¬ 
sured through the use of an internal 
balaneing diode, a feature not often 
found in voltmeters, but svhieh is essen¬ 
tial to lirst-elass pi'rformanee. These re- 
fuioments in cireuit design eoupled with 
thorough, two-stage power supply regu¬ 
lation, make the meter independent of 
liiH*-v<>ltjige fi»ietuat ions. Once the zero 
is set on tlie ().5-volt range, no further 
adjustment is recpiired for this or any 
other range, 'fhe use of precdsion wirt'- 
wound resistors insunts that the ae- 
euraey of the instrument will be main¬ 
tained indefinitely. 

The Tyfk ISOO-B is an extremely 
versatile test instrument. In addition 
to performing reliably all the normal 
routine voltage measurements, many 
fe^itures m)t found in either instnimeiits 
have been ineludiKl to make this vae- 
^ uum-tul)e voltmeter suitable for tack¬ 
ling (^specially difheult measurements. 
'Fhe following list of features highlights 
tlie remarkable versiitility of the Typk 
IK tHbB: 

1. Kxeellent high-fr(*(|ucney range 
through use of a convenient diode 
prol>e. \’!IF voltages may be H<*eurHtely 
measunxJ inthout iu*ed of s|H»eial ground¬ 
ing devices, probe disassembly, or ex¬ 
ternal capacitors. 

2. Completely shielded probe affords 
normal accuracy even in the pre.sence 
of strong r-f fields. 

3. Thoroughly shielded amplifier cir¬ 
cuit and well-filtered probe eliminate 
any po.s.sibility of “beats” in the mea.s- 
urement of voltag<*s at fre(iueneie.s near 
power-line fre<|uency or its harmoni(*s. 

d. rhe probe i-ap may la* simply 
bolteti to tlie ground plane of the test 
circuit, eliminating the po.ssibility of 
error through ground lead inductance 
and pickup from electromagnetic fields. 

5. The probe may be conveniently 


pluggtHl into standard 34 -inch jack-top 
binding po.sts. and additional a-c ter¬ 
minals are provided on the panel so 
that te.st leads may be used rather than 
the prolK‘, if so (h»sired. 

fi. .\ stonige space is provided for the 
probe under a hingiHl cover at the top 
of the instrument. 

7. \ 1’yi'K K74 coaxial fitting ami 5t)- 
ohm termination are provided. Th(\se 
permit the probe to be used on coaxial 
lines. 

S. High input impi'danee — resi.stive 
component 25 mt^golims at low fre- 
(|U(*ncies. Open grid connection avail¬ 
able for <lc provides input imia*djinces 
in the kilo-megohm range. 

1). Panel can be grounded without 
grounding any of the input terminals. 
'I'his is an important safety feature; it 
allows a-c or dn* voltages to be mea.s- 
iired between two points, both abovi* 
d-c ground, wit hout the panel liecoming 
“hot”. 

If). A polarity switch is provideil for 
d-c measurements, 'fhis switch permits 
either positive or negative voltage's to 
be reml without the ijcimJ of reversing 
the U?st leads. 

11. .\n illuminateil meter scale elimi¬ 
nates reading difliculties caused by light 
reflection from the meter glas.s. 

12. The meter’s knife etJge p«)inter 
and mirror insure ease and precision of 
reading. 

13. The carrying handle detents into 
a right angle |)osition so that the instni- 
m(*nt panel may be supp<a*ted at the 
most convenient angle for ea.w reading. 

’fhe features outliiHHi above are a few 
of the items .specifically engineensl into 
the Typk ISOO-B to make it the most 
convenient and useful Vacuum-'rube 
N’oltmeter on the market. The specifica¬ 
tions shown below d<*lail the perform¬ 
ance of this instrument. 

— C. A. WooDw.vHi), .Ik. 
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Figure 2. Plot of frequency range for one-db error on three voltage ranges os 
indicated; error is result of combined transit-time and resonance effects. 


SPECIFICATIONS 


Voltage Range: 0.1 to 150 Volt8, ;u‘, ill 8i\ run|^<'8 
(0.5, 1.5, 5, 15, 50, iiiul 1.50 volts, full scale?): 
0.01 to 1,50 volts. <l<*, in six ranges (0.5, 1.5, 
5, 15, 50, mid 150 volts, full scale). 

Multipliers: Multipliers arc available for inr*r(?a8- 
iiif; I lie range to 150(1 volts. 

Accuracy: DC, ^2% of full scale; AC, of 

full sc.’ile for sinusoidal volt:ige*s, subject to 
fre<|uencv corrcH'tion («»<• iMiivt*). Ite'cause of 
the change in resistiiiu’e of the meter movement, 
the .m*nsitivity of the lo\v<*sl two range's ediange's 
slightly with tem|H‘rature and upeai warming 
up i>f the* instrument. The* total wartn-eiii de*- 
cre*:is<* in sensitivity is about I'eif the inelii‘ntt*el 
value, on the 1.5-volt range* anil 'A to 4' © the* 
ineiicate*<i value e>n the (l..5-voll range*. .Vbemt 
onc?-half of this elrift oi'i’urs in the lirsl hour. 
The* (*alibra(ie>n is 8e*t to be* <*«»rre*i*t lifter e*<»m- 
ple*te wjirm-up. 

Waveform Error: On the* higiu*r a-e* Voll.age? 
range's, tlie inslnime'nt oiM ta(e*s .as ;i (M.*.ak volt- 
mete*r, e*alibrate'el to ri'ael r-m-s value*.s of a sine* 
wave, e>r 0.707 e»f the; (>i*ak value* of .a e*omple*x 
wave. On elistortiMl waveforms the pe*rce‘ntagc 
eleviation of the re*ading from the r-m-s value 
may Im* as l.irge* as the perce*ntage of h:irmonie*s 
pre*s<*nt. On the lowe*8t r.-mge the* in.strume?nt 
approaches r-m-s e>pe‘ratiori. 

Frequency Error: .\t high fie*<|Ue*ncie*.s, re‘Sonance 
in the input circuit ami tnmsil-lime* e*lTe*e*t8 in 
the elieidc rectifier introelnce e*rrors in the 
me*te*r reading. The re*8i>n;mce* e?lTe*e*t e'aiise*.*! the 
me*ter tei re>ad high and is inde*fH*iide*nt of the 
at>plie<l vollrege*. The tninsit-time* erri>r is a 
limction e>f the* .*ip|>Iie*d voltage :enel e‘;tu.se?.s the? 
me‘te*r reael low. The curves of Hgiire* 2 show 
the fre*<pie*ncy range lor l-<Ib te*seil(:mt error. 
It will be noted tliiil at low ve»lt:ige*8 the tr.ansit- 
time ;inel resonance efre?rls tend to nane'.el, 
while? at higher volUige‘8 the erreir is alnnist en¬ 


tirely due te» rc8onane*e\ The? resonant frequency 
with e*ap on but plug removeil is about 1050 
Me. Correction e^nrves are siif)])lie*ei. 

.\t a freKiuene*y of about 15 e*ycle'«, the 
meter inelie?ation lu'gins Ui llue*tuate as it teuels 
tei feellow the? voltage (?hauge‘ within (»ae?h eyerie. 
Input Impedance: \\ low fre*quencie*S the* e?qiiiv:i- 
lent parallerl re'sistance* of the a-e* input circuit 
is 25 megiehms. .\t highe*r ft<*ejue*ne*ies this resist- 
ane'c is reduced by lo.s.m‘.*e in the shunt capaeri- 
tance*. The* e*e|uivalent paralle*! capacitance at 
radio fii?qne*ncies is 4,1 #i/uf with the* [irobe e*ap 
am) jilug removed. .\t aueiio fre*enie*ticie?s this 
eapae'itanea* incre*asi*s .flightly. The probe nap 
and ping aelel approximately 1.2 puf. 

On the* d-e* ranges two valuer.^ of inpeit resist/- 
an<*e* are preivieled, 10 me'gohms and o|M*n grid. 
Power Supply: 105 to 125 or (210 U» 250) Volts, 
ae*, 50 to till cycles. The* instrnme?nt incor|Mjrate>s 
a volt4ige? rergulator to e*iim|M*nsate for supply 
variatiems over this voltage range*. The powerr 
input i.s le'ss than 25 w:itts. 


Tube Complement: 

2—IMM)5 
1 -fiSU7-(lTV 
1 —tjC4 
1—:{-4 

Accessories Supplied: 


1—0SL7-GT 

1— OATH 
1 —4iX .5-GT 

2— 991 
Tvi'E C.\P-^15 Pe>wcr 


Ceird, spare ftj.se's, Tvi'K 274 ami Type 874 ter¬ 
minal ions, ami 50-ohm e*oa\ial te*rminating 
re*sish>r for pre>l>»*. 

Mounting: Black-i'racklc-finish aluminum panel 
moimleMl in a shielded wailnut e*.abin('t. The 
eable and pre>be are ste.)ri*il in the? cedeinet. The 
erarrying handle e*an be* se*t jis a e*<»nvt?nie?iit su|)- 
porl for the instriime*nt wherre placed on a bench 
with the.* patie*l tille*d back. 

Dimensions: (Wieltli) 7* hX (elepth) 7' > X (he*ight) 
11 Vi inclurs, e>ver-all. Net Weight: \A% pounds. 


Typt Cofle Wont I*rv'e 

1800-6 Vocuum-Tube Voltmeter.. I DUCAT | $415.00 


U.I’utcnt Xo. 2,348. l.')7. I.ii’uiiBcii iimler puti'nle nf the Itudio Coriioration of America. 


GENERAL RADIO COMPANY 

275 MASSACHUSETTS AVENUE 
CAMBRIDGE 39 MASSACHUSETTS 

TELEPHONE: TRowbrIdge 6-4400 
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